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,,| K . ^simplified f1o« cliuKrnm of 1.000-bbl. per day contact coking unit. 



rp\\)l continuous-contact coking proc- - 
^ ess has now been tested in commer- 
cial operation, and results show that 
the following advantages accrue from 
its application: 

• Heavier residues than those nor- 
mailv handled by the conventional de- 
layed coking method can be upgraded. 

Flexibility of the process permits 
processing stocks of widely different 
characteristics to obtain wider ranges 
of yields and product specifications. 

• Need for intermittent cleaning ol 
coke drums is eliminated. 

• Product coke is clean, hard, uni- 
form in size, and easily handled and 
marketed. 

• ( iipital investment and operating 
liibor for a contact unit are less than for 
a delaved coking unit. 

'I he first commercial continuous con- 
tact coking unit was erected in the Me- 
Kee refinery of Shamrock Oil & <ias 
Corp., Sunr'ay, Tex. It was designed to 
p r o cess vacuum-distillation residue 
I mm Panhandle crude oil — at a nomi- 
nal charge rate of 1,000 bbl. per day— 
for the production of gas, gasoline, gas 
oil for catalytic cracking feed, and 
coke. 

The unit has been in operation tor 
the past K months, during which period 
yields over a wide range of operating 
conditions were obtained. The outstand- 
ing feature of the unit is its flexibility 
and ability to handle feed stocks much 
heavier than normally can be proc- 
essed by conventional delayed coking. 

Data' on yields, product specifica- 
tions, and operating costs are pre- 
sented herein. 

Development . , . The development 
work on the continuous-contact coking 
process has been carried out during the 
past 6 years, and was described in ear- 
lier publications. 1 ' 2 3 This work was ac- 
complished with: (1) a laboratory unit; 
(2) a 50-bbl. per day pilot unit, fol- 
lowed bv (3) a 100-bbl. per day semi- 
commercial unit; and, finally, (4) the 
commercial unit described in this paper. 
Yield correlations between laboratory 
unit and the commercial unit have been 
established. The laboratory unit now is 
used to evaluate any stock with rea- 
sonable confidence. 

Description of Unit 

Fie. 1 is a simplified .flow diagram 
of the 1,000-bbl. per day unit. 

The unit consists essentially of: (I) 
a reactor in which the oil-wetted coke 
particles or "seed" coke flow downward 
as a" dense bed; sufficient time is pro- 
vided in the reactor for the cracking, 
coking, and drying reactions; (2) a re- 
Authors associated with the Lummus Co., 
New York. Paper presented before refining 
division, A.P.I., annual meeting, Chicago, No- 
vember 9, 1953. 
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heater in which ihe circulating coke is 
raised in temperature to supply the heat 
of reaction, some sensihle heat to the 
feed, and radiation losses; (3) a coke- 
circulating system which uses the 
"mass-now" principle to elevate the 
coke as a dense unagitated column; 
and, (4) a fractionation system for the 
separation of products. 

The vacuum-residue feed is intro- 
duced into the bottom of the fraction- 
al, where it is mixed with recycle 
stock and further preheated in a tubu- 
lar heater to approximately 700° I\ 
This feed is mixed thoroughly with the 
hot circulating coke stream. The light- 
er portions ot the feed are vaporized, 
and the heavier constituents are re- 
tained on the coke particles as a liquid 
him. As the coking reaction proceeds. 
I he film is converted into gas, hydro- 
carbon vapors, and residual coke, and 
the latter is retained on the seed par- 
ticle. 

As successive increments ol coke are 
deposited, a gradual increase in coke- 
particle si/e occurs. The larger par- 
ticles, which have a diameter of ap- 
proximately in. or more, are drawn 
off continuously as product coke to 
maintain a nearly constant coke inven- 
torv in the system. The vapors from the 
reactor, at a temperature of 900' to 
1,000' I\, are quenched and released 
to the fractionator. From the bottom 
of the reactor the dried coke is ele- 
vated to the disengager by a low-pres- 
sure mass lift which is ■ "powered" by 
the reactor pressure of 35 psig. 

The coke from the disengager flows 
by gravity into the reheatcr, where it 
is heated to between 1,000" and 1,100" 
F. by gas firing or by burning a por- 
tion of the coke. The reheated coke is 
discharged intermittently by gravity into 
the lock tank, from which it flows into 
the lift tank to start another evele of 




I 'm. 2 — Oneral \icw of confacf coking unit at plant of Shamroc k Oil Si <.*as Corp., Siinray, Tex. 



Ihe coke circuit. The energy for circu- 
lating the coke is supplied by 150-psig. 
steam at the lift tank. The sequence 
of coke (low from the reheatcr and lock 
tank is ■ controlled automatically by a 
cycle timer. 

This, is the first commercial installa- 
tion of the "mass-flow lift" developed 
by Union Oil Co. of California. The 
coke circulation is continuous and 
smooth. The rate of flow is controlled 
by a rotary star valve above the re- 
heater. Only one coke level must be 
controlled that of the reheatcr. The 
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coke-circulation rate may be increased 
or decreased by varying the speed of 
the rotais star valve. 

the ratio of oil to coke for normal 
operation is 10 bbl. of oil per day per 
ton of coke circulation per hour, i.e.,' 
1 lb. of nil per 14 lb. of coke circu- 
lated. 

Ihe general arrangement of the unit 
and equipment is shown in Fig. 2. The 
highest elevation of any equipment is 
SO ft. above grade. The reactor and 
reheatcr are. supported from the third 
level above tirade, with the blower and 
lift tank on a lower level. The control 
room is located at era tic. Advantage. 



CONI UMOoS ; ON I AC r COKING 
OC'TAN! NO VS If MPf FEATURE 



900 



to to 



9 SO 1000 

AVERAGE flEACTOH T E MP£ « A7 Uft f . DEC f 

Fij{. 3 — Correlations of product yields vs. reactor* temperature 
N <) V K MBKR 16, 1953 



. to ! J . 

900 




900 1000 
AVt«A6f. UlACTOfc Tf.M*'C«ATU«C, DEG f 



Mk. 4 — C orrelation of gasoline octane number vs. reactor temperature. 

20 1 



m 



7 <">: 



3 



■ill 



■::3! 



1 



7*,P.L: Refining Processes 

has been taken of the latest develop- 
ments in automatic instruments for con- 
trol of the coke-circuhitint! system. 

X 1 , , 

Performance . . . Table 1 presents feed- 
stock characteristics, operating condi- 
tions, yields, and product specifications 
of a typical run. 

The feed stock to the unit was a 
vacuum-distillation bottoms from Texas 
Panhandle paraffinic crude oil. and rep- 
resented approximately 10 per cent on 
the crude. This is a much heavier 
charge stock than normally could be 
processed by a conventional delayed- 
coking unit. 

The products were metered and, 
wherever possible, tank gages wqre 
used. Coke production was determined 
by, difference. Test runs under varying 
.reaction temperatures were made. The 
unit opera t eel successfully with average 
reaction temperatures as low as 900° F. 
am), as high as 1,025" F. 

>yic!ds for a range ol reactor lorn- 
natures are presented in Table 2. 



TABLE 2 



- SUMMARY OI YIELDS WITH VARIOUS RK ACTOR TEMPERATURES- 



Test No. — 
Average reactor temperature, ° l : . 

Yields, per cent by weight— 
Ci and lighter 
Ca to 400 • K Gasoline 
Gas oil 
Coke 

Total 

Research octane number, without TF.L addition, 
A.S.T.M. D 908 fresearch method), corrected to 
10 lb. R.v.p. 



I . 


2 


3 


4 


1,025 


985 


965 


955 


1K.6 


17.1 


15.8 


' 14. < 


29.9 


27.2 


24.0 


22.0 


37.5 


42.2 


47.2 


51.0 


14.0 


13.5 


13.0 


12.5 










too.o 


100.0 


100.0 


lOti.O 


84.0 


K0.5 


76.6 


75.0 



From our experience it is apparent 
that lower operating temperatures are 
practical, and could be attained by still 
further preheating of the feed stock to 
the extent that the ; heat of vaporiza- 
tion is supplied in a tubular heatqi and, 
thus, the coke temperature levels are re- 
duced throughout. A reduction in tem- 
perature level will reduce the gas and 
gasoline production with a correspond- 
ing increase in the yield of gas oil. 

"Fig. 3 presents test-yield curves vs. 
reaction temperatures. These curves 
have heeir plotted from actual data ob- 
tained from approximately 50 runs with 



I ABLE 1 — PROPERTIES O! CHARGE 
STOCK, YIELDS, AND PRODI 'C I 
SPECIFICATIONS 



Charging stock — 
Gravity, °A.I\L 

Material boiliirg at lower than 9Mr 

!-\, per cent by volume 
Sulfur, per cent by weight 
Cnmadson carbon, per cent by 

weight 

Viscosity '(Sayholt l-'tirol) at 122' 
sec. 

Characterization factor, COP. 
Pet cent on crude 

Operating conditions- 
Oil inlet temperature, "P. 
Coke inlet temperature. 'F. 
Coke outlet tentperatuie, "P. 
Average reactor temperatute, "'P. 
Reactor pressure, psig. 

Mass lift- 
Coke circulation, tons per hour 
1 il't tank pressure, psig. 
1 if! steam, lb. per hour 

yields, pet cent by weight — 
Ci ami lighter 
Ca to 400°T\ gasoline 
Gas oil 
Coke 



Inventory coke— Screen analysis — 
Per cent by wt. retained on -screen: 
Tyler Screen 
No. 

0.25 -in. mesh 

4 0.187-in. mesh 
6 0.131-in. mesh 

5 0.096-in. mesh 
12 0.065-in, mesh 
18 • 0.039-in,, mesh 

Pan 



Texas 
Panhandle 
vacuum 
bottoms 
18.9 

2.0 
0.6 

11.7 

1,227 

lo. o 



690 
990 
915 
955 
36 



75 
130 
650 



14.5 
22.0 
51.0 
115 

J 00.0 



49.0 
21.4 
13.8 
12.6 

1.8 
* 0.9 

0.5 



Product inspection: 

Gas analysis, per cent by weight - 
Methane and lighter 
Fthylene 
i-thane 
Propylene 
Propane 
Butane 
Hutvlene 



Per cent olefins 

Gasoline— 
Gravity, "A.P.I. 

A.S.T.M. distillation, "P.: 

Initial boiling point 
. 10 per cent point 

50 per cent point 

90 per cent point 

End point 

Research octane number: 
Without TEL addition 
With addition of 3 ml. TEL per 
gal. . 

Characterization factor, U.O.P. 
Aniline point. "P. 
Sulfur, per cent 

Gas oil- 
Gravity, °A.P.I. 
Vacuum distillation, °P\ at 760 
mm.: 

Initial boiling point 
10 per cent point 
50 per cent point 
90 per cent point 
Characterization factor, U,O.I\ 

Coke- 
Bulk density, lb. per cu. ft. 
Volatile matter, per cent by weight 

Ash, per cent by weight 

Sulfur, per cent by weight 



18.1 
11.1 
15.5 
25.4 
3.3 
1 3.0 

n>> 

100.0 
50.1 



P6 
202 
281 
362 
395 



76.5 

83.0 

11.9 
99.0 
0.14 



400 
500 
760 
1 ,050 
11.85 



64.0 
3.7 
1.0 
0.6 
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varying operating conditions. The trend 
of the curves for each of the products 
is similar to yields obtained from a 
delayed coking operation. Compared 
with delayed coking, the yields from 
contact coking show considerably low- 
er coke production with higher gas and 
gasoline yields. 

The important point, which is evi- 
dent from these curves, is that the op- 
erating temperature range of a contact 
eokeMs much wider than can be ob- 
tained with a conventional delayed 
coker and, likewise, the product yields 
. and specifications can be controlled 
over a wider range. 

Product Specifications 

Fig. 4 presents the relationship be- 
tween the octane number of the gaso- 
line vs. average reactor temperature. 
For a reaction temperature of 95(1° F., 
the octane number, A.S.T.M. D 90S 
(research method), without TEL addi- 
tion, is 75; whereas at a temperature 
of 1,025° F. the octane number is S4. 
The lead susceptibility of the gasoline 
is improved approximately 6 to 8 points 
with the addition of 3 ml. of TEL. Oc- 
tane numbers of the gasoline produced 
on a delayed-coking unit from the same 
paraffinic stock will run 10 to 15 points 
lower, 

A nas analysis is presented in Table 
I. It "will be noticed that the olefin 
production is approximately 50 per cent 
of the total gas. The corresponding 
yield of olefins from delayed coking 
is about 15 per cent. This concentra- 
tion of olefins could be increased con- 
' siderably by operation at "higher coke 
temperatures. Some refiners will be in- 
terested in a maximum of gas produc- 
tion with high olefin content for chem- 
ical-plant feed stock. A pilot unit is 
presently in operation to investigate 
the high temperature levels for maxi- 
mum production of olefins. 

The specifications of the gas oil from 
the contact coking unit are similar to 
gas oil from the "delayed coking unit 
when the same heavy stock is charged. 
Normally the charging stock to a de- 
layed, coking unit is a long reduced 
crude which contains a high percentage 
of virgin middle distillate. .^■'■■^ f -k0. 

The industry today requires, and in 
the future will require, higher yields 
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of middle distillates. Vacuum distilla- 
tion carried to a heavy pitch produces 
a maximum of virgin distillate. 'I he 
contact coker then provides a new tool 
to handle and convert the heavy pitch 
to gasoline and additional gas oil. Also 
the middle distillate, which normally is 
used as cutback to make marketable 
fuel oil of the vacuum bottoms, is then 
available for other uses.. 

Accompanying is a photograph ol a 
sample of the equilibrium-coke inven- 
tory. The coke is of high mechanical 
strength, and withstands shock heating 
and cooling without noticeable fracture 
or failure. It is free-flowing, and has 
proved to be an excellent medium for 
supplying the required heat to the oil. 
The product coke is essentially spheri- 
cally-shaped, and it is approximately l i 
in. in diameter. It is harder and lower 
in volatile content than petroleum coke 
which has been produced in a delayed 
coker. The ash content and sulfur de- 
pend on the source of the feed stock. 
The product coke normally is suitable 
for electrode manufacture when cal- 
cined. 

Process equipment . . . Because this unit 
represents a 10-to-l increase in capac- 
ity over the 100-hbI. per day pilot plant 
previously operated, some "scale-up" 
I actor problems could *be expected. The 
novel features of the process equipment 
are the oil-coke mixing system, the 
mass-lift system, and the coke reheater. 
I he mixing system required consider- 
able time to obtain perfect perform- 
ance. Fortunately, the final solution is 
one which readily may be extrapolated 
•to much larger sizes. 

The mass-lift operation was compli- 
cated hv the radical difference in the 
characteristics of the petroleum coke 
used as "seed" and the equilibrium ma- 
terial obtained after startup. However, 
minor modifications resulted in satis- 
factory operation. 

The coke-reheat er capacity was 
somewhat inadequate, and could not 
be corrected full? without extensive 
changes to the onginal equipment. I he 
reduced heat input to the coke has 
limited' the oil -charge capacity. 

Tests have shown Jb.it the other 
equipment is adequate for the design 
capacity. The unit also has operated 
satisfactorily at the design coke-oil ratio 
hv reduction of the coke circulation" 
In a new unit the reheater deficiency 
can be corrected readily on the basis 
of data obtained during operation of 
this unit. 

Investment and Operating Costs 

Based on the experience with the 
1.000-hbl. per day unit, there is under 



TABI.K 3— COMPARISON OK CONTACT 
WITH DKI.AYKI) COKING— PROC- 
ESSING 2300 BBI,. PER DAY OF 
VACUUM BOTTOMS 
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cent 


cent 


cent cent 




by 


hv 
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t 'nil - ■■ 


\U. 


nil. 


wt. vol. 


Yields— 








( ias. C i ;md lighter 


14.9 




7.5 


Gasoline. 0 to 








400" I ; . c.p. 


:u 


2ft.fi 


18.5 2X4 


(»;ts oil 


51.0 




54.0 58.0 


Coke 


l.Vtl 




20.0 


Olefins in gas 


5n.I 




!5.1 



I ! lilitics — 
Water, g.p.in. 
Steam, lb. per hour 
Kiel, million H.l.u. 

per hour 
Hcctr icily, kw. 
Operating labor. 

men per shift 
Investment, dollars 

Diiec! clmigcs, 
dollars per da\ — 

Raw material 

t flilities 

I abor 

Maintenance 
Total charges 



! ,fi00 
ft.000 



1 ,M)0,000 



2.500 
-417 
108 
1 10 



2,200 

10,000 

25 

50 



2,100,000 



2.500 
3fi3 
216 

no 

V209 



V.tlue of products. 

doflais pel day 8,151 7,765 

I )tt"fercntial profit ,* 

dollars per day 5.0 if, 4,556 
Differentia! profit,* 

dollars per year I.6sS,2X0 1,503,480 



Pa\off,* months 



ll.fi 



13.9 



Assumed V alues of CharjjIriK Stock, Products, 
I f illties, and Labor 

C 'onfact process 

and delayed 
coking process 



( barging stock, 
dollars per bbl. 

Products - - 

cents pet mil- 
lion H.t.u. 
( iasoline. cents per 
gallon; 
8t) O.N. 
64 O.N. 
. < ias oil. dollars 
per bbl. 
( 'oke. dollars per ton 

Utilities — . 

Water, cents per 
1,000 gal. 

Steam, cents per 
1,000 lb. 

f net, cents per mil- 
lion H.t.u. -v 

f'iectricitv, cents per 
kw.-hr. 

I abor fcost per 
hour), dollars 



I 00 



.29 



1 1.75 
1 1.00 



6.00 



1.5 

29 
0.7s 

2.25 



♦Docs not include taxes, insurance, amor- 
/alion, interest, and royalties. 



design o 2,500-bbI. per day unit which 
incorporates the modified mechanical 
features. 

An economic comparison of a 2,500- 
hbl. per day continuous contact cok- 
ing unit vs. a delayed unit has been 
prepared on the basis of charging Pan- 
handle vacuum bottoms. These data 
are presented in Table 3. The com- 
parison indicates that, at this capacity, 
the over-all economics favors the con- 
tact coking process. 

When credit is allowed for the po- 
tential recovery of olefins in the prod- 
uct gas at a value of 3 cents per pound, 
the "total differential profit is S2.I7!,- 
280 per year. The corresponding Irg- 
ure for a delayed coking unit is Sl.frfft.- 
480 per vear. The difference favors 
the contact coker by $514,000 per 
year. 

The over-all operating labor required 
is considerably less lor a contact unit. 
The coke drum turn-around labor, 
which normally consists of unheading, 
coke cleaning, and reheading ol the 
drums, is eliminated. The unit is han- 
dled by two operators. 

Summary 

Continuous contact coking is a new 
process lor the upgrading of heavier 
residues than normally can be handled 
by the conventional delayed coking 
method. 

A continuous contact coking unit, 
in combination with vacuum flashing 
to a heavy pitch, will produce a maxi- 
mum of middle distillate, and thus pro- 
vide a new tool to assist in meeting, the 
industry's need for higher yields of 
middle ant! light distillates. 

The inherent flexibility of the proc- 
ess permits processing stocks of widely 
different characteristics and, by vary- 
ing the operating conditions, a much 
wider range of yields and product spec- 
■ ifica turns are obtained than heretofore 
possible. 

The process is continuous, and thus 
eliminates the intermittent cleaning oT 
coke drums ami attendant expense. 

The product coke is clean, hard, uni- 
form in si/e, and easily handled and 
marketed. 

The capital investment and operat- 
ing labor for a contact unit are less 
. than for a delayed coking unit. 

Engineering design's for a 2,500-bbl. 
per day unit are now being completed. 
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